Background: This study examined the association between health-related quality of life (HRQOL) and physical activity (PA) among adults with arthritis. Methods: National 2003 Behavioral Risk Factor Surveillance System (BRFSS) survey data for 51,444 adults, age ≥50 years, with physician-diagnosed arthritis were used to analyze the relationships between PA, self-reported health, HRQOL, and activity limitations related to arthritis. Results: The percentage of older adults with or without an activity limitation who reported fair/poor health or poor HRQOL was significantly higher in inactive persons compared to those who met PA recommendations (P < .0001). Older adults with and without limitations attaining either recommended or insufficient levels of PA were 39% to 70% less likely to report ≥14 unhealthy mental or physical days compared to inactive older adults (P < .0001). Conclusion: Participation in PA at the recommended level was strongly associated with improved perceived health and higher levels of HRQOL; however, participation in some PA was clearly better than being inactive. These data were consistent for persons with arthritis despite the presence of an activity limitation.
The national health objectives of Healthy People 2010 are to increase the quality and years of healthy life for all persons in the United States. 1 Health-related quality of life (HRQOL) is an indicator of both perceived physical and mental health status, as well as population chronic disease burden. Measurement of HRQOL has evolved to help guide interventions and monitor progress of achieving the nation's health objectives. 2, 3 The negative effects of arthritis on HRQOL are well documented. [4] [5] [6] [7] [8] [9] Arthritis is associated with joint pain and swelling, leading to activity limitations and reduced work life expectancy. 4, [6] [7] [8] Depressive symptoms are consistently associated with a number of reported painful joints, especially among women, and, in most cases, with increased health services utilization. [4] [5] [6] 9 Currently, arthritis is the number one cause of disability in the United States, affecting nearly 70 million adults. 4 As the American population ages, this number is expected to increase dramatically. 10 Regular physical activity (PA) has been shown to diminish the deleterious effects of arthritis by improving joint range of motion, enhancing musculoskeletal stability, and decreasing joint pain. [11] [12] [13] [14] [15] In addition, PA is associated with improved mental health and psychological well-being, as well as decreased mortality and morbidity associated with other chronic diseases, including coronary heart disease, certain cancers, and non-insulin dependent diabetes mellitus. 14, 15 To reinforce the importance of regular physical activity, the American College of Rheumatology (ACR) published guidelines recommending PA as a fundamental treatment for the maintenance of arthritic joints. 16 The ACR's guidelines essentially parallel the Surgeon General's and the Centers for Disease Control and Prevention/American College of Sports Medicine (CDC/ACSM) physical activity recommendations (at least 30 minutes, 5 or more days per week of moderate-intensity physical activity). 14, 15 Although researchers have reported the benefits of PA among people with arthritis, few studies have examined the extent to which HRQOL varies by level of PA in older adults with arthritis. 3, 17, 18 In addition, very few studies have differentiated between physician-diagnosed arthritis and self-diagnosed arthritis or self-reported joint symptoms, or reviewed associations between individuals with and without self-reported activity limitations related to arthritis. 3, 18, 19 The primary aims of this study were to analyze data from the 2003 Behavioral Risk Factor Surveillance System (BRFSS) to (1) describe self-reported PA levels across subgroups of older adults with physician-diagnosed arthritis, (2) examine the associations between PA levels and self-reported health status among older adults with and without activity limitations due to arthritis, and (3) study the association between PA levels and HRQOL as measured by number of unhealthy physical or mental days among arthritic older adults, with and without self-reported activity limitations.
Methods

Study Design and Procedure
The BRFSS is a state-based random-digit dial telephone survey of civilian and noninstitutionalized adults in the United States age 18 years or older. The primary purpose of the survey is to assess the prevalence of behavior-related risk factors associated with the leading causes of death and disability in the United States. In 2003, the CDC assisted all 50 states, the District of Columbia, Guam, Puerto Rico, and the Virgin Islands with the administration of identical core questionnaires to an independent probability sample of residents. Questionnaires were delivered in English, Spanish, and other state specific language options. Data from all states and the District of Columbia were aggregated to produce national estimates. A detailed description of the survey design, including the weighting procedure, is available elsewhere. 20 Our analysis is derived from the 2003 BRFSS compiled database, which contains a total of 264,684 respondents.
Measures
Physician-Diagnosis Arthritis. The 2003 BRFSS included 6 questions pertaining to self-reported arthritis and chronic joint symptoms. Respondents were asked, "Have you ever been told by a doctor or other health professional that you have some form of arthritis, rheumatoid arthritis, gout, lupus, or fibromylagia?" We narrowed our study sample to only respondents who answered yes to a physician diagnosis of arthritis (hereafter termed physician-diagnosed arthritis). Our definition of arthritis differed slightly from that of the CDC, in that we excluded respondents who had chronic joint symptoms but who had never been told by a physician that they have arthritis. For the purpose of examining the impact of arthritis on daily activities, we classified respondents as having an activity limitation if they responded yes to the question "Are you now limited in any way in any of your usual activities because of arthritis or joint symptoms?" Sociodemographic Characteristics. Self-reported race, education, age, and sex were used to classify respondents. We stratified race into 4 levels: white, nonHispanic; black, non-Hispanic; Hispanic; and other. Education was stratified into 3 levels: less than a high school diploma, a high school diploma or GED, and some college or beyond. Since the prevalence of arthritis is greater in older adults, only adults age 50 years and above were included and grouped into 4 categories: ages 50 to 59, 60 to 69, 70 to 79, and 80 and above.
PA. PA was determined by self-reported frequency and time spent performing nonoccupational PA in a usual week and classified into 3 levels corresponding with CDC recommendations for obtaining health benefits from physical activity. 15 The three levels are (1) inactive (ie, no reported PA), (2) insufficiently active (ie, reported some PA but insufficient to meet physical activity recommendations), and ( HRQOL. To investigate whether associations between PA levels and HRQOL extend to older adults with diagnosed arthritis, both with and without arthritisrelated activity limitations, HRQOL was defined in accordance with CDC's definition as "an individual's or group's perceived physical and mental health over time." 2, 4, 21 Assessment was conducted through the CDC's core Healthy Days measures, which are an integral set of 4 items included in the BRFSS that pertain to respondents' perceived physical and mental health. 2, 4 Respondents were asked "Would you say that in general your health is excellent, very good, good, fair, or poor?" As conducted in previous research, responses of "excellent," "very good," and "good" were collapsed into the category "good to excellent," and responses of "fair" and "poor" were collapsed into the category "fair to poor." 22, 23 The following 3 items assessed the number of recent days when physical health, mental health, and general health was not good: "Now thinking about your physical health, which includes physical illness and injury, for how many days during the past 30 days was your physical health not good?"; "Now thinking about your mental health, which includes stress, depression, and problems with emotions, for how many days during the past 30 days was your mental health not good?"; and, "During the past 30 days, for about how many days did your poor physical or mental health keep you from doing your usual activities, such as self-care, work, or recreation?" These 4 items from the Healthy Days measures and their validity and reliability are reported elsewhere. 2, 4, [24] [25] [26] [27] For example, validity was previously demonstrated by statistically correlating the responses with measures from other more comprehensive or established instruments such as the Short Form (SF-36) Health Survey. 4, 21, 26 These 4 HRQOL items have also been shown to characterize burden of disease of respondents, identify the health and social service needs of subpopulations, and predict future burden on the health care delivery system.
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The 3 continuous HRQOL variables measuring number of recent unhealthy days were dichotomized into mutually exclusive categories that were divided at responses of 14 or more unhealthy days. This cut-off point was selected because it is often used by clinicians and clinical researchers as a marker of impaired HRQOL and was reported to correspond to the upper 10% to 15% of the distribution for each of the measures.
3, 17
Statistical Analyses
In addition to the preceding exclusion parameters, all responses from respondents who refused to answer or were not sure of their response were excluded from the analyses, leaving a total of 51,444 observations. SUDAAN (Release 8.0.0; Research Triangle Institute, Research Triangle Park, NC), was used to account for the complex sample design in computation of prevalence estimates and compute adjusted odds ratios (aORs) and 95% confidence intervals (CIs). Logistic regression was used to model odds of 14 or more unhealthy days (physical, mental, and activity limitation) by level of PA. Adjustments were made for age, sex, race, education, and BMI. All statistical inferences were based on a 2-sided significance level of P = .05. Table 1 displays the prevalence estimates of PA in older adults with a physiciandiagnosed or other healthcare professional-diagnosed arthritis from the 2003 BRFSS. Over two-thirds of the respondents were women. Nearly a quarter of all participants were inactive. Prevalence of meeting the PA recommendations was higher among men than women and higher among adults ages 50 to 69 years compared to adults ages 70 to 79 years and 80 years or older. The prevalence of meeting the PA recommendations was lowest among non-Hispanic blacks, followed by Hispanics, and prevalence was highest among non-Hispanic whites. The prevalence of meeting the PA recommendations was directly associated with level of educational attainment, and inversely associated with BMI. Of the adults with arthritis, 38% reported limitations in usual activities due to arthritis. Yet, despite the presence of activity limitations, 30% of these respondents met the PA recommendations and 39% were insufficiently active. Note: Physical activity level: Inactive = reported no physical activity; insufficient = reported insufficient level of moderate physical activity or vigorous physical activity to meet public health recommendations; recommended = meeting public health recommendations of moderate or vigorous physical activity. Among the older adults with activity limitations who met the PA recommendations, 60% reported their health status as good to excellent, compared to 31% of the respondents who were inactive. Moreover, in the presence of activity limitations due to arthritis, the percentage of fair to poor responses was lower among older adults who met PA recommendations and those who were insufficiently active compared to inactive older adults. The percentage of adults with an activity limitation who reported fair or poor health differed significantly by PA level (χ 2 = 364.72, P < .0001).
Results
Respondent Characteristics
Number of Unhealthy Days
To explore whether an independent association existed between the levels of PA and HRQOL in older adults with and without limitations due to arthritis, we assessed the relative odds of having 14 or more unhealthy days across PA levels after adjustment for age, race, sex, education, and BMI (Table 3) . Similar to the health-status results, older adults with and without limitations who met the PA recommendations were significantly less likely to report 14 or more unhealthy days compared to inactive older adults. Respondents without limitations who met the PA recommendations were 67% less likely to report >14 unhealthy physical days, 39% less likely to report >14 unhealthy mental days, and 70% less likely to report >14 activity limitation days compared to inactive older adults. Respondents with activity limitations due to arthritis who met the physical activity recommendations were 66% less likely to report >14 unhealthy physical days, 48% less likely to report >14 unhealthy mental days, and 68% less likely to report >14 activity limitation days compared to inactive older adults. Respondents with and without limitations who reported insufficient levels of PA were also less likely to report >14 unhealthy mental or physical days or activity limitation days compared to inactive adults. There were no significant differences in odds of these variables between persons who met the PA recommendation and those with insufficient levels of PA. 
Discussion
This cross-sectional study using national data from the 2003 BRFSS contributes to the literature by reporting a significant association between PA and HRQOL in older adults. Consistent with Abell and colleagues, 18 we observed a greater prevalence of higher levels of self-reported health status and overall HRQOL among older adults with physician-diagnosed arthritis who met the CDC/ACSM physical activity recommendation compared to those reporting little or no PA. In support of Brown and colleagues, 3 who reported an association between PA and number of unhealthy days among adults age 18 years or older, our analyses indicate that among persons ≥50 years of age with physician-diagnosed arthritis, a dose-response relation exists between level of PA and risk of reporting 14 or more unhealthy (mental and physical) days. Expanding on previously published results, 3, 18 our findings indicate this relationship extends to older men and women regardless of the presence of activity limitations related to physician-diagnosed arthritis, as well as across all racial/ethnic, socioeconomic, and age groups.
Moreover, this study's evidence reveals that although more PA is associated with better HRQOL in older adults with or without arthritis-related limitations, even some PA is clearly better than no PA. The results displayed in Table 3 clearly indicate that the majority of the reduced risk in reporting poor HRQOL was noted between those who reported being inactive and those reporting an insufficient PA level. Only slightly further reductions in risk were observed between older adults with arthritis who reported insufficient and recommended levels of PA. These results mirror the dose-response relations reported between PA and other chronic diseases where the largest benefit (ie, greatest reduction in risk of morbidity or mortality) is typically exhibited between the least active or fit and those with just slightly higher levels of PA or aerobic fitness. 3, 16 The notion of a link between PA and HRQOL among persons with arthritis is supported by prior research; 3, [17] [18] [19] however, most earlier studies applied a broader inclusionary definition of arthritis (eg, physician-or self-diagnosed arthritis or joint symptoms) and included adults as young as 18 years old. 3, 18 With the intent of further understanding the role PA may play in the HRQOL and health management of older adults with existing arthritic conditions, this study included only adults age 50 y or older with physician-diagnosed or other health professional-diagnosed arthritis. Despite differing inclusion criteria, 2 previous studies reported similar PA prevalence estimates and respondent characteristics using 2001 BRFSS data to examine levels of PA among adults age 65 years or older with arthritis. 18, 19 Combined with our results, all 3 studies found approximately 24% of surveyed older adults with arthritis were physically inactive, 38% were insufficiently active, and 38% met the PA recommendation. Consistent with several studies, African Americans, obese individuals, persons in the oldest age category (≥80 years of age), females, and the less educated were more likely to be inactive than other demographic groups (Table 1) . 3, [17] [18] [19] Results from the current study, along with findings from previous studies using national surveillance data, suggest that the percentage of older adults with self-or physician-diagnosed arthritis participating in any PA has remained consistent since 2001, and few older adults with arthritis are meeting the CDC/ACSM physical activity recommendations. As suggested by Brown and associates, 3 in order to achieve the Healthy People 2010 objectives for PA, development of effective intervention strategies are needed, such as those recommended by the Task Force on Community Preventive Services. According to Glasglow and colleagues, 28 increased physician advice and support of PA for the management of common arthritic conditions would be beneficial.
In addition to research evidence derived from surveillance data, a number of experimental studies support the potential role of PA in promoting HRQOL in persons with arthritis. 12, 13, [29] [30] [31] [32] [33] [34] [35] In a randomized control trial involving 439 older adults with knee osteoarthritis confirmed by radiographs, Pennix et al. 30 reported that compared with results from the control group, participation in a monitored aerobic exercise program (walking at 50%-70% heart rate reserve) significantly (P < .001) lowered depression scores over time, reduced disability and pain, and increased walking speed over an 18-month period. Studies involving monitored community-and home-based exercise programs for persons with osteoarthritis or rheumatism have demonstrated significant improvements in perceived physical and mental health, including physical function ability, depression, pain scores, social engagement, and clinical performance measures (eg, chair-stand or timed up and go tests) when compared to study control groups. 31, 33, 34 Several mechanisms explaining the role of PA in improving HRQOL among the aged with arthritis have been reviewed. [35] [36] [37] [38] These include, but are not limited to, decreased joint pain, reduced use of anti-inflammatory medications associated with gastrointestinal problems, reduced frequency of arthritis-related physician visits, increased muscular strength and flexibility, increased circulation of neuropeptides, and a greater sense of accomplishment and self-worth, which in turn promotes psychological well-being, thereby increasing overall HRQOL. 30, [35] [36] [37] [38] The relationship between PA and overall HRQOL is considered complex; 38 however, recent research has shown that pain and lower functional status are significant predictors of fair/poor self-reported health status among adults. 36, 37 According to the ACR, patients involved in self-management programs incorporating PA report reduced pain and improved function and overall HRQOL. 16 However, it is important to note that many of these studies have limited inclusion criteria to adults with osteoarthritis or rheumatism, thereby potentially omitting the nearly 100 other types of arthritic diagnoses. 13, [29] [30] [31] [32] [33] [34] Additionally, most studies report results from supervised clinical trial exercise or physiotherapy-related interventions. Although future studies should explore the role PA may play in the health of older adults with varying forms of diagnosed-arthritis, the results from the current study suggest that participation by older adults with arthritis in any PA-in a supervised clinical setting or otherwise-is beneficial to HRQOL, even in the presence of activity limitations.
Strengths of this study include the use of a large, nationally representative sample of community-dwelling older adults who participated in the 2003 BRFSS. Given the sample size, sufficient statistical power was obtained, allowing us to reach conclusions with confidence. Additionally, these results can be generalized to other older adults with physician-diagnosed arthritis, with and without limitations. In comparison to previous research investigating adults with self-diagnosed arthritis or joint symptoms, our inclusion of older adults with physician-diagnosed arthritis broadens understanding of this growing population and may provide useful information for understanding the role PA may play in the health and health management of older adults with arthritis. This study is not without its limitations. As with all survey data, the estimates used were based on self-report. Social desirability or recall bias may cause some respondents to under report or over report PA levels, leading to possible misclassification and measurement error. Confirmation of physician-diagnosed arthritis via health professionals or medical records was not possible. Reported activity limitations may not be a result of arthritis. However, the BRFSS arthritis question has been validated elsewhere and deemed appropriately sensitive for public health surveillance. 39, 40 The physical activity questions were determined to be fairly to moderately reliable in placing respondents into 3 categories (ie, meets PA recommendations, insufficiently active, inactive) overall and across race and gender. 24, 25 Finally, by design, a cross-sectional study cannot determine cause and effect; thus, lower self-reported health status or HRQOL may reduce participation in PA rather than reduced levels of PA causing poorer health outcomes. It is also plausible that HRQOL may be related to unmeasured lifestyle characteristics (eg, tobacco use, diet) or other chronic conditions other than arthritis (eg, congestive heart failure or cancer).
In conclusion, this study was conducted because the link between participation in PA and HRQOL in older adults with physician-diagnosed arthritis is not well understood. Our results showed that although many older adults (38%) are meeting the CDC/ACSM physical activity recommendation, even in the presence of activity limitations, the majority (62%) are not. Consistent with previous research, 3, 18 participation in PA at the recommended level was strongly associated with self-reported good-to-excellent perceived health status and HRQOL; however, participation in some PA was clearly better than no activity. An inactive lifestyle was significantly associated with poorer self-reported health status and HRQOL. Given the national health objectives of Healthy People 2010, additional research is needed to develop strategies for promoting PA in this growing population.
